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Abstract
Objective: To compare the mean bond strengths and mode of bond failure, in vitro, of
five bonding systems (MIP1, Plastic Conditioner2, Assure2, Scotchbond3, and Transbond
XT1), when bonding an orthodontic bracket to an artificially-aged composite resin
restoration, with and without mechanical surface preparation with a diamond bur.
Methods: Class V buccal composite resin restorations were prepared in 240 upper right
central incisor dentoform teeth. The restorations were artificially aged for 35 days,
bonded with metal brackets, stored in distilled water at 37°C for 30 days, thermocycled
for 500 cycles, and subsequently debonded with an Instron universal testing machine.
Results: The mean bond strengths for Transbond, MIP, Plastic Conditioner, Assure, and
Scotchbond groups were 12.1, 12.3, 13.3, 17.2, and 17.7 MPa respectively. The mean
bond strengths for Transbond+Diamond, MIP+Diamond, Plastic Conditioner+Diamond,
Assure+Diamond, and Scotchbond+Diamond groups were 18.5, 16.4, 19.1, 19.5, and
20.7 MPa respectively. ANOVA revealed a statistically significant difference (P≤0.05)
among the groups.
Conclusions: Mechanically roughening the surface of a composite resin restoration with
a diamond bur, provided significantly greater bond strengths, regardless of the bonding
resin used. However, Assure and Scotchbond, without diamond bur preparation,
provided similar bond strengths to Transbond, MIP and Plastic Conditioner, with
diamond bur preparation.
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Introduction

Contemporary orthodontic treatment requires a successful clinical bond between
the orthodontic bracket and the tooth surface. Buonocore1,2 introduced the use of
micromechanical bonding between a dental material and the enamel surface in 1955.
Subsequently Newman3 introduced bonding between an orthodontic bracket and the
enamel surface in 1965. He reported that the advantages of bonding rather than banding
teeth include improved patient esthetics and decreased risk of decalcification.
Orthodontic bonding to a natural tooth first requires an acid etch to demineralize the
enamel surface. This demineralized surface then allows for micromechanical retention of
the orthodontic adhesive to the enamel.
The number of adults seeking adjunctive and comprehensive orthodontic
treatment is increasing, and treatment of adults is the fastest growing segment within
orthodontics.4 Adults patients currently comprise approximately 20% of a typical North
American orthodontic practice, and with their heavily restored dentition, pose new
challenges for orthodontic bonding.5 Current orthodontic practice requires the
orthodontist to be able to bond not only enamel, but to a variety of restorative materials,
including composite resin, amalgam, and porcelain. Obtaining a reliable bond to a nonenamel tooth surface is difficult.6 There have been many studies on improving bond
strengths of orthodontic appliances to non-enamel surfaces such as amalgam or
porcelain.7-11 However studies on improving bond strengths of orthodontic appliances to
composite resin restorations are minimal.
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The practice of modern restorative dentistry has changed over the past five
decades. Patients have an increased demand for tooth-coloured esthetic restorative
materials as well as mercury-free restorative materials.12,13 As a result of these changes in
preference, the use of amalgam as a restorative material has been decreasing, and the use
of composite resin has been increasing.13-15 Some studies have reported that in the United
States, the use of composite resin has exceeded the use of amalgam.16,17 Specific
indications for composite resin restorations include caries of any anterior teeth, caries
involving the buccal surfaces of posterior teeth, buccal pit and fissure caries, abfraction
lesions, diastema closures, build ups of small maxillary lateral incisors, restoration of
incisal fractures, and composite resin veneers.18 Composite resin restorations are now
frequently found on the facial surfaces of maxillary incisors, and the buccal surfaces of
posterior teeth.
The chemical bonding of a composite resin to another composite resin surface is
mediated through the reactive methacrylate groups.19 These reactive methacrylate groups
are found in the oxygen-inhibited layer of unpolymerized resin on the surface of the
composite, and is what allows for the incremental placement and build up of a composite
resin restoration. The bond strength between any two layers of freshly placed composite
resin is equal to the cohesive strength of the material itself.20,21 However, any composite
resin that has been aged, polished, or contaminated with saliva, will lack this reactive
unpolymerized surface.22,23 It has been shown that the half-life of unpolymerized reactive
methacrylate groups remaining in composite resin restoration at 370C is only 50 hours.24
The clinical finishing and polishing of the restoration surface will also mechanically
remove any remaining reactive monomers on the surface. Furthermore, as the composite
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resin is continually bathed in saliva, over time the eludation of any residual
unpolymerized monomers will occur.22 This makes it highly unlikely that a chemical
bond between a newly placed composite resin to an already existing composite resin
restoration will form, resulting in a decrease in bond strength. In fact, Boyer et al21
reported that the bond strength of a newly placed composite resin layer to an 1 week old
existing composite resin restoration to be only 23-47% of its cohesive strength.
Intraorally, restorations are constantly immersed in a moist environment. The
absorption of water by the composite resin restoration further results in surface
degradation, softening of the resin matrix, formation of microcracks, formation of surface
microporosities, loss of filler particles, and chemical degradation of the resin itself.25,26
The surface characteristics of an aged composite resin restoration is significantly
different from when it was first placed, making the formation of a reliable bond difficult.
Manual toothbrushing will mechanically deteriorate the surface characteristics of a
composite resin restoration, resulting in a gradual loss in filler particles.27 Exposure to
acidic foods and oral biofilms have also been shown to decrease the bond strength to an
aged composite resin surface, as acidic hydrolysis and enzymatic catalysis of the
polymerized resin matrix and any remaining reactive methacrylate groups occurs.28
Rinastiti et al28 found that exposure of four different composite resin restorations to an
oral biofilm for two weeks, resulted in a statistically significantly decrease in repair bond
strength by more than 50%, compared to a non-aged sample.
Due to the difficulty of bonding to an aged composite resin restoration, several
surface preparation techniques have been suggested in an attempt to increase the bond of
an orthodontic bracket to an existing composite resin surface.29 They can be classified as
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mechanical or chemical. Mechanical methods involve roughening the composite resin
surface with a diamond bur or air abrasion. Chemical approaches include phosphoric and
hydrofluoric acid etch, and the application of a variety of bonding resins or adhesion
promoters.
Many orthodontic studies have focused on the use of a diamond bur, air abrasion,
phosphoric acid etch, and hydrofluoric acid etch.6,29-34 Traditional phosphoric acid etch
has no effect on the composite resin surface.6 However, these studies have shown that
diamond bur and air abrasion are both effective in increasing bond strengths.29-34 Bayram
et al30 found that the use of a diamond bur and air abrasion provided mean shear bond
strengths of 10.6 and 10.3 MPa respectively, compared to only 2.8 MPa when no surface
preparation was used. Similarly, Bishara et al34 reported a mean shear bond strength of
9.4 and 7.8 MPa when using a diamond bur and air abrasion, compared to 6.1 MPa
without. Viwattanatipa et al29 reported mean shear bond strengths of 17.1 MPa and 15.0
MPa when using a diamond bur and air abrasion, compared to only 6.5 MPa when no
mechanical surface preparation was used. Some studies have also shown that
hydrofluoric acid etch is effective in producing clinically acceptable bond strengths.29-32
Bayram et al30 and Viwattanatipa et al29 both reported mean shear bond strengths of 7.2
MPa and 13.0 MPa when using hydrofluoric acid etch, compared to only 2.8 MPa and 6.5
MPa when no surface preparation was used. However, these bond strengths were less
than that achieved with a diamond bur or air abrasion.
Although effective, the use of a diamond bur, air abrasion, or hydrofluoric acid is
not without its disadvantages. Mechanical roughening with a diamond bur or air abrasion
may not be desirable in scenarios where you want to avoid abrading a highly polished
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esthetic composite resin, where dental auxillaries are not permitted to operate a highspeed
handpiece, or when the orthodontist has limited chairside time. Hydrofluoric acid is
highly caustic and can cause severe damage if inadvertently exposed to any soft tissue.
The harmful potential of hydrofluoric acid, along with the increased chairside time
required for placement of a soft tissue barrier, is a major disadvantage of hydrofluoric
acid use.
There is minimal research in the orthodontic literature examining the
effectiveness of bonding resins and adhesion promoters in increasing the bond strengths
between an orthodontic bracket and an existing composite resin restoration. Furthermore,
no studies have directly compared the effectiveness between the different orthodontic
bonding resins and adhesion promoters commercially available for use. Bonding resins
act as an intermediate layer in uniting the orthodontic adhesive to the substrate surface to
which the bracket is being bonded. These unfilled, low viscosity liquid monomer bonding
resins are able to penetrate further into the microporosities present on the substrate’s
surface, compared to the highly filled, viscous orthodontic adhesive.18 Polymerization of
these monomers within these surface irregularities, and copolymerization with the
orthodontic adhesive, is what creates the mechanical bond. In addition, they also have the
ability to change the affinity of the substrate surface to the orthodontic adhesive.18 This
increased wettability allows for a closer, more intimate contact of the orthodontic
adhesive to the substrate surface. Adhesion promoters function in a similar way, by either
increasing the penetration of the acrylic resin into surface microporosities and
irregularities due to its low viscosity or hydrophilicity, increasing the wettability of the
substrate surface, or facilitating the formation of chemical bonds.33
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Silanation has been suggested as a chemical method for increasing the bond
strength to an existing composite resin restoration.35 Due to its dual reactivity, it was
hoped that one of its functional groups would chemically bond to the inorganic silica
filler particles of the composite resin restoration, while the other functional group would
polymerize with the organic resin matrix in the orthodontic adhesive. It has been shown
that silanation is an effective adhesion promotor when bonding to porcelain surfaces.
However, its use when bonding to existing composite resin restorations is unproven.36
Unfortunately, a recent study by Eslamian et al37 found that there was no difference in
bond strengths of orthodontic brackets to existing composite resin restorations, regardless
of whether silanation was used or not.
Studies in the dental restorative literature on composite repair provide insight on
the use of bonding resins when bonding new to old composite resin. Restorative dentists
encounter a similar problem of achieving reliable bond strengths, when having to repair
an old composite resin restoration with the addition of a fresh layer of composite resin.
Rather than mechanically roughening the old composite restoration surface with a
diamond bur or air abrasion, many restorative studies have shown that bonding resins
alone are effective in increasing the bond strengths between a newly placed composite
resin layer to the existing composite resin restoration.22,38-41 The authors attributed this to
the increased ability of the low viscosity, unfilled bonding resin to penetrate into surface
porosities and irregularities of the old restoration, compared to the more viscous, highly
filled composite resin. Furthermore, the water chasing ability of acetone or alcohol, often
used as the solvent, also enhance the bonding resin ability to penetrate into an existing
water-saturated restoration. Tezvergil et al38 reported a statistically significant higher
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mean bond strength of 35.7 MPa, when a restorative bonding resin was used to add new
composite to an existing composite resin surface, compared to a bond strength of 17.8
MPa when no bonding resin was used. Similarly, Papacchini et al39 report a statistically
significant increased bond strength of 38.2 MPa when a bonding resin was used during
composite resin repair, compared to only 24.5 MPa without. Most recently, Staxrud et
al22 reported a composite-composite bond strength of 26 MPa when using a bonding
resin, compared to 9.9 MPa when no bonding resin was used. It is therefore plausible that
a restorative bonding resin may provide an effective means of increasing the bond
strength between an orthodontic bracket and an existing composite resin restoration.
The bond strength between an orthodontic bracket and an existing composite resin
restoration must be strong enough to retain the bracket throughout the treatment period,
but at the same time not be excessive, in order to allow removal of the brackets once
orthodontic treatment has been completed. Fracture of the enamel or composite resin
restoration surface upon bracket removal is undesirable. The Adhesive Remnant Index is
used to classify the location of the bond failure.42 The location of the bond failure may
give insight into the risk of damage to the composite resin restoration surface during
debonding. An adhesive failure at the bracket-adhesive interface has been recommended
by some authors, as this minimizes the risk of fracture of the tooth or restoration surface
to which the bracket is bonded to.4
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Study Objectives
The purpose of this in vitro study was to compare the mean bond strengths of five
bonding systems (Transbond XTa, MIPa, Plastic Conditionerb, Assureb, and Scotchbondc),
when bonding an orthodontic bracket to an artificially aged composite resin restoration,
with and without mechanical surface preparation with a diamond bur. The mode of bond
failure between the different groups will also be evaluated.

Null Hypothesis
There is no difference in mean bond strength or mode of bond failure between the
five bonding systems (Transbond XT, MIP, Plastic Conditioner, Assure, Scotchbond),
with and without mechanical surface preparation with a diamond bur, when bonding an
orthodontic bracket to an artificially aged composite resin restoration.

a

3M Unitek, Monrovia CA
Reliance Orthodontic Products, Itasca IL
c
3M ESPE, St. Paul MN
b
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Materials and Methods

Preparation of Composite Resin Restorations
Class V buccal preparations were prepared in two hundred and forty (240) upper
right central incisor dentoform teeth. All preparations were of identical dimensions. The
dimensions extended to 2 mm from the incisal edge and gingival margin, 1 mm from both
mesial and distal line angles, and 2 mm in depth. All preparations were performed by one
operator, using a high speed No. 245 carbide bur. A slow speed No. 9 round bur was used
to place undercuts in all incisal, gingival, mesial and distal walls of the preparation for
increased retention of the restoration.
The preparations were filled with a Filtek Z250d shade A3 composite resin
restorative material (Figure 1). The composite resin was light-cured for 40 seconds using
an Ortholux LED light-curing unit.e Following light cure, each preparation was finished
using coarse, medium, fine, and superfine polishing discs sequentially. Each disc was
used for a total of 10 seconds.
Simulated Aging of the Composite Resin Restorations Prior to Orthodontic Bonding
All composite resin restorations were placed in distilled water at 37°C for 35
days. Midway through the storage period, the composite resin restorations were also
immersed in a carbonated beverage and orange juice for 72 hrs respectively at 37°C, to
further simulate intraoral aging.

d
e

3M ESPE, St. Paul MN
3M Unitek, Monrovia CA
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Sample Size
Calculations using mean bond strengths and standard deviations from a pilot
study reveal a minimum sample size of 17 per group was required, to detect a 20%
difference in bond strength with 80% power (Appendix 1).

Preparation of Experimental Groups
The surface of each artificially aged composite resin restoration was cleaned with
a rubber prophylactic cup in a slow speed handpiece, using an oil-free non-fluoridated
pumice for five seconds. Each tooth was then thoroughly rinsed with water and air-dried.
Each composite resin restoration was then randomly assigned to one of ten groups
of 24 teeth each. The bonding systems used are displayed in Figure 2.

I. Transbond Group (Transbond)
Following the manufacturer’s instructions, a thin uniform coat of Transbond XT
primere was applied using a brush.

II. Moisture Insensitive Primer Group (MIP)
Following the manufacturer’s instructions, a liberal coat of Moisture Insensitive
Primer (MIP)e was applied using a brush. The surface was lightly dried for two seconds
with an air-water syringe.
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III. Plastic Conditioner Group (Plastic Conditioner)
Following the manufacturer’s instructions, a coat of Plastic Conditionerf was
applied using a brush. The surface was allowed to air dry for 60 seconds. A thin uniform
coat of Transbond XT primer was applied using a brush.

IV. Assure Group (Assure)
Following the manufacturer’s instructions, four coats of Assuref was applied
using a brush. The surface was lightly dried for two seconds using an air-water syringe.

V. Scotchbond Universal Group (Scotchbond)
Following the manufacturer’s instructions, one coat of Scotchbond Universal
bonding resind was rubbed onto the surface for 20 seconds. The surface was dried for five
seconds using an air-water syringe, and then light-cured with a LED light-curing unit for
10 seconds.

Diamond Bur Groups
The surface of the restoration was mechanically roughened with a medium grit
diamond burg. The diamond bur was run over the surface of the restoration in an occlusalgingival direction for five seconds, and in a mesial-distal direction for five seconds. A
new diamond bur was used for every five teeth. The roughened surface was then
thoroughly rinsed with water and air-dried, followed by the application of a bonding resin
as follows:
f
g

Reliance Orthodontic Products, Itasca IL
Brasseler, Savannah GA
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VI. Diamond Bur and Transbond Group (Transbond+Diamond)
Following the manufacturer’s instructions, a thin coat of Transbond XT primer
was then applied using a brush.

VII. Diamond Bur and Moisture Insensitive Primer Group (MIP+Diamond)
Following the manufacturer’s instructions, a liberal coat of Transbond Moisture
Insensitive Primer (MIP) was applied using a brush. The surface was lightly dried for two
seconds with an air-water syringe.

VIII. Diamond Bur and Plastic Conditioner Group (Plastic Conditioner+Diamond)
Following the manufacturer’s instructions, a coat of Plastic Conditioner was
applied using a brush. The surface was allowed to dry for 60 seconds. A thin coat of
Transbond XT primer was applied using a brush.

IX. Diamond Bur and Assure Group (Assure+Diamond)
Following the manufacturer’s instructions, four coats of Assure was applied using
a brush. The surface was lightly dried for two seconds using an air-water syringe.

X. Diamond Bur and Scotchbond Group (Scotchbond+Diamond)
Following the manufacturer’s instructions, one coat of Scotchbond Universal
bonding resin was rubbed onto the surface for 20 seconds. The surface was dried for five
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seconds using an air-water syringe, and then light-cured with a LED light-curing unit for
10 seconds.

Bonding of Brackets
An APC II Victory Series 022 Low Profile MBT UR1 pre-pasted brackete was
placed onto the composite resin restoration using bracket placement tweezers. Each
bracket was centered mesial-distally on the tooth, and placed with the slot four mm from
the incisal edge. Each bracket was placed at the same location on each tooth, entirely
within the margins of the composite resin restoration. Excess flash was removed with an
explorer, and the adhesive was light-cured with a LED light-curing unit for 20 seconds
(five seconds from the mesial, distal, incisal, and gingival aspects). The intensity of the
light-curing unit was checked every tenth tooth. The intensity remained above 1000
mW/cm2 at all times.

Storage and Thermocycling
Following bracket bonding, all teeth were stored in distilled water at 37°C for 35
days. They were then thermocycled for 500 cycles. Each cycle consisted of a 30 second
exposure at 10°C and 50°C.

Debonding
A short segment of 0.021 x 0.025 stainless steel archwire was placed into each
bracket slot, and secured using elastomeric ligatures. This minimized the deformation of
the bracket during debonding.
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Each tooth was mounted in custom-made rectangular acrylic blocksh that could be
easily handled during testing. Six teeth were mounted per acrylic block. Each
experimental group consisted of four acrylic blocks (Figure 3).
Each acrylic block was mounted in an adjustable vice. The adjustable vice
allowed orientation in all three planes of space. Each tooth was orientated such that the
crosshead was parallel to the bracket base, and equidistant to both incisal tie-wings.
Brackets were then debonded using an Instron Model 3345 universal testing machinei,
with a 5 kN load cell, and a crosshead speed of 0.5 mm/min (Figures 4-6). The force
required to debond each bracket was recorded in Newtons (N). The Shear Peel Bond
Strength was calculated by dividing the force by the bracket base surface area (10.19
mm2), and recorded in megapascals (MPa).

Bond Failure Analysis
Each bracket base was examined using a 16x stereomicroscope, and assigned a
modified Adhesive Remnant Index (ARI) score according to the method described by
Artund et al. 68 An ARI score of 0 indicates that no adhesive remains on the restoration
surface. An ARI score of 1 indicates that less than 50% of the adhesive remains on the
restoration surface, where as an ARI score of 2 indicates that more than 50% of the
adhesive remains on the restoration surface. An ARI score of 3 indicates that all adhesive
remains on the restoration surface. The incidence of restoration fracture upon bracket
removal was also recorded.

h
i

Dentsply Caulk, Milford DE
Instron, Norwood MA

15
Statistical Analysis
Descriptive and inferential statistics were created using SPSS 19j statistical
software. Statistically significant differences in bond strengths between the experimental
groups was tested using an one-way analysis of variance (ANOVA). Statistically
significant differences between individual pairs of groups were determined using the
Tukey-Kramer test. Statistically significant differences in ARI scores between the
experimental groups was tested using a Fisher Exact test. A p-value less then or equal to
0.05 was considered statistically significant.

j

IBM Corporation, Armonk NY
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Results

No teeth experienced any premature bond failures prior to debonding. One tooth
was excluded, due to contact of bracket with acrylic while mounting in rectangular
acrylic blocks, prior to debonding.

Shear Peel Bond Strength
The mean shear peel bond strengths (SPBS), standard deviations, and ranges for
all groups are shown in Table 1. The mean SPBS and standard deviations for all groups
are also represented graphically in Figure 7. The assumptions for ANOVA were satisfied.
The mean bond strengths for Transbond, MIP, Plastic Conditioner, Assure, and
Scotchbond groups were 12.1±3.4, 12.3±2.8, 13.3±3.2, 17.2±3.4, and 17.7±3.3 MPa
respectively. The mean bond strengths for Transbond+Diamond, MIP+Diamond, Plastic
Conditioner+Diamond, Assure+Diamond, and Scotchbond+Diamond groups were
18.5±2.9, 16.4±2.8, 19.1±3, 19.5±3.7, and 20.7±2.6 MPa respectively.
A one-way Analysis of Variance revealed a statistically significant difference
among the groups (P≤0.05). The null hypothesis of no difference between the groups was
rejected.

Comparison of All Groups
The mean bond strengths and standard deviations for all groups are shown in
Figure 7. The lowest mean bond strength was obtained with the Transbond group
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(12.1±3.4 MPa). The highest mean bond strength was obtained with the
Scotchbond+Diamond group (20.7±2.6 MPa).
The mean bond strengths of all bonding resins when used with a diamond bur
(Transbond+Diamond, MIP+Diamond, Plastic Conditioner+Diamond, Assure+Diamond,
and Scotchbond+Diamond groups) were higher than when the bonding resins were used
alone (Transbond, MIP, Plastic Conditioner, Assure, and Scotchbond groups). This was
statistically significant for all groups (P≤0.05) except Assure. Although the mean bond
strength for Assure with a diamond bur was higher than without, this did not show
statistical significance (P=0.22).
There was no statistically significant difference in mean bond strengths between
the Assure and Scotchbond groups and the Transbond+Diamond, MIP+Diamond, and
Plastic Conditioner+Diamond groups (P>0.05).

Comparison of Bonding Resins Without Use of Diamond Bur
The mean bond strengths and standard deviations for Transbond, MIP, Plastic
Conditioner, Assure, and Scotchbond, when used without a diamond bur, are shown in
Figure 8.
Both Assure and Scotchbond groups, provided greater bond strengths than the
Transbond, MIP, and Plastic Conditioner groups. This was statistically significant
(P≤0.05). There was no statistically significant difference in bond strength between
Transbond, MIP, and Plastic Conditioner (P>0.05). There was also no statistically
significant difference in bond strength between Assure and Scotchbond (P>0.05).
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Comparison of Bonding Resins With Use of Diamond Bur
The mean bond strengths and standard deviations for Transbond, MIP, Plastic
Conditioner, Assure, and Scotchbond, when used with a diamond bur, are shown in
Figure 9.
There was no statistically significant difference in bond strengths achieved in the
Transbond+Diamond, Plastic Conditioner+Diamond, Assure+Diamond, and
Scotchbond+Diamond groups (P>0.05). Likewise, there was no difference between
Transbond+Diamond, MIP+Diamond, and Plastic Conditioner+Diamond. However, the
bond strength of MIP+Diamond was significantly lower than Assure+Diamond and
Scotchbond+Diamond (P≤0.05).

Adhesive Remnant Index
The frequencies of adhesive remnant index (ARI) scores, including incidence of
composite resin restoration fractures, are shown in Table 2 and represented graphically in
Figure 10.
A Fisher Exact test revealed a statistically significant difference in the distribution
of ARI scores among the groups (P≤0.05).
An ARI score of 0 was achieved in 100% of the Transbond, 100% of the MIP,
and 95.8% of the Plastic Conditioner groups. The bond failure occurred almost
exclusively at the restoration-adhesive interface, with no adhesive remaining on the
composite resin restoration. No fractures of the composite resin restoration surface
occurred in these groups.
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Assure when used without a diamond bur, showed a majority of ARI scores of 0
or 1 (83.4%). The bond failure occurred primarily at the restoration-adhesive interface,
with little to no adhesive remaining on the composite resin restoration. A small minority
had an ARI score of 2 (12.5%), with the bond failures occurring closer to the bracketadhesive interface.
Scotchbond when used without a diamond bur, showed ARI scores of 2 (75%) in
the majority of samples, indicating a cohesive bond failure with the majority of the
adhesive remaining on the composite resin restoration. Fracture of the composite resin
restoration surface occurred in 25% (6/24) of the teeth in this group.
All bonding resins when used with a diamond had a majority of ARI scores of 2
or 3 (83.3% of the Transbond+Diamond, 100% of the MIP+Diamond, 83.3% of the
Plastic Condition+Diamond, 100% of the Assure+Diamond, and 75% of the
Scotchbond+Diamond groups). Either a cohesive bond failure or a bond failure at the
bracket-adhesive interface occurred, with most or all of the adhesive remaining on the
composite resin restoration surface. Little or no adhesive remained on the bracket.
Fractures of the composite resin restoration surface also occurred in these groups. The
incidence of fracture was most frequent in the Scotchbond+Diamond group, occurring in
25% (6/24) of the teeth.
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Discussion
Bonding an orthodontic bracket to an existing composite resin restoration can be
challenging clinical procedure. Unlike natural tooth enamel, traditional phosphoric acid
etch has no effect on a composite resin restoration surface, making micromechanical
retention difficult.6 And unlike a freshly placed composite resin, an existing composite
resin restoration no longer has the reactive layer of unpolymerized methacrylate groups
on its surface, making the chemical bond between the orthodontic adhesive and the
restoration surface impossible.22,23
Several techniques have been suggested in an attempt to increase the bond
between an orthodontic bracket and an existing composite resin restoration.29 These
include mechanically roughening the surface of the composite resin with a diamond bur
or air abrasion, and the use of bonding resins or adhesion promoters. It has been well
established in the orthodontic literature that the use of a diamond bur or air abrasion, can
increase the bond strength between an orthodontic bracket and an existing composite
resin.29-34 However, studies examining the effectiveness of orthodontic bonding resins
and other adhesion promoters in increasing bond strengths to a composite resin
restoration are lacking. Furthermore, no studies have directly compared the effectiveness
between the different orthodontic bonding resins or adhesion promoters commercially
available for use.
Commercially available orthodontic bonding resins and adhesion promoters
evaluated in this study include Transbond XT, Moisture Insensitive Primer (MIP), Plastic
Conditioner, and Assure. Transbond is a commonly used standard orthodontic bonding
resin. MIP is a hydrophilic bonding resin, intended for use on any moistened or saliva-
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contaminated surface. Plastic Conditioner is an adhesion promoter, and is applied to the
surface of a composite resin or acrylic appliance prior to bonding. Assure is marketed as
a universal orthodontic bonding resin, to enhance orthodontic bonding to a variety of
surfaces including enamel, atypical enamel, composite resin, and amalgam. Scotchbond
Universal (Scotchbond) is a restorative bonding resin, and is marketed as an universal
restorative bonding resin for use on all surfaces including enamel, dentin, composite
resin, amalgam, and porcelain. Although manufactured for use in restorative dentistry, we
have examined the possibility that this multi-purpose restorative bonding resin may also
provide an effective means of increasing the bond strength between an orthodontic
bracket and an existing composite resin restoration.

Type of Composite Resin Restoration
The formulation of dental composite resins for restorative dentistry has been
evolving over the past five decades. Contemporary composite resins are now classified
based on viscosity (packable or flowable), as well as by decreasing filler particle size
(macrofill, microfill, hybrid, microhybrid, and nanofill).63 Different types of composite
resins have different physical and mechanical properties, as well as surface
characteristics.59 It is unlikely that the orthodontist will know the exact type of composite
resin in any given restoration. The composite resin restoration used in the present study
was classified as a packable microhybrid, and is commonly used as a universal restorative
resin for both anterior and posterior teeth. Viwattanatipa et al59 attempted to determine
whether there were any differences in bond strengths when bonding an orthodontic
appliance to five different types of composite resins restorations, including flowable,
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packable, hybrid, and nanofilled composite resin. They found the same bonding regimen
produced significant differences in bond strength, ranging from 6.9 MPa for nanofilled
composite resin, to 12.99 for hybrid composite resin restorations. Crumpler et al64 also
reported that in composite resin repair, different composite resin types produced different
bond strengths. However, no studies have demonstrated any clear correlation between
bond strength and either filler particle size or viscosity.

Aging of Composite Resin in Distilled Water
In the present study, the composite resin restorations were artificially aged in
distilled water for 35 days, prior to orthodontic bonding. Artificial aging of the composite
resin in an aqueous medium in vitro allowed us to best simulate the conditions in vivo.
Intraorally, composite resin restorations are constantly in a moist environment. The
absorption of water by the composite resin restoration results in surface degradation,
softening of the resin matrix, loss of filler particles, formation of microcracks, and
chemical degradation of the resin itself.25,26
A systematic review and meta analysis of orthodontic bonding studies reveal that
most in vitro studies use distilled water for storage of specimens.43 Other aqueous
mediums such as artificial saliva have been used. There is no difference in the reduction
of in vitro bond strengths, whether the specimen was aged in distilled water or artificial
saliva.44 There is also no difference in change in surface roughness, whether stored in
distilled water or artificial saliva.45
Currently there is no standard protocol for the aging of composite resin
materials.30,38,43,46 Both orthodontic and dental restorative studies have aged composite
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resin in water anywhere from 1-180 days. Eslamian et al31 simulated aging by immersion
in water for one week at room temperature. Viwattanatipa et al29 simulated aging by
immersion in water for one month at 37°C. Bayram et al30 used a commercial accelerated
aging chamber, exposing the composite resin to UV and visible light, at a constant
temperature and humidity, for artificial aging. Rodrigues Jr et al47 used a calculation
based on the water diffusion coefficient to determine the exact number of days it would
take for water saturation of a block of composite resin (Filtek Z250) measuring 8mm x
8mm x 4mm. It was calculated that water immersion for only nine days was sufficient for
studies involving the surface of the composite resin. Ferracane et al48 examined the
physical properties of composite resin after in vitro aging in water for 1, 7, 30, 60, and
180 days. They established that after 30 days, further aging of composite resin had no
effect on its physical properties.

Exposure of Composite Resin to Acidic Beverages
It has been well established that carbonated beverages and fruit juices alter the
surface properties of composite resins.49,50 Murrell et al51 reported that the primary
predictor of erosive potential of composite resins is pH. Citric acid is found in naturally
occurring fruit juices, and phosphoric acid is often added to soft drinks. The pH of
Coke and Minute Maid orange juice has been measured to be 2.4 and 3.8
respectively.51 Briso et al52 reported that organic acids, such as citric and phorphoric
acids, soften the bisphenol-A-glycidyl methacrylate (Bis-GMA) polymers, resulting in
the softening of the resin matrix, loss of filler particles, and decrease in surface hardness.
Turssi et al29 exposed 3M Filtek Z250 composite resin to a 4.3 pH phosphoric acid
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solution for 60 hrs, resulting in a significant decrease in surface hardness. In this present
study, the composite resin restorations were also exposed to a carbonated beverage and
fruit juice medium for 72 hours each, at 37°C.
Lussi et al53 reported that between 56-85% of American school children
consumed at least one soft drink daily, and 20% consumed 4 or more daily. Moazzez et
al54 in an in vivo study to measure the oral pH of adolescents while consuming a
carbonated beverage, reported that the upper incisors, more than any other area of the
mouth, exhibited the greatest reduction in pH during consumption of the carbonated
beverage. Composite resin restorations are frequently found on the facial surfaces of
maxillary incisors, that will require orthodontic bonding.

Thermocycling
Thermocycling is an often-used in vitro technique to simulate aging.55
Thermocycling simulates the temperatures changes that occur intraorally. It has been
reported that intraoral temperatures can fluctuate from 0 to 65°C while eating.56
Buonocore2 reported that the lack of thermocycling produces results that are not
indicative of oral conditions, and this was further emphasized by Fox57 in his critical
review on bond strength testing in orthodontics. Tezvergil et al38, in comparing three
different adhesives in composite repair bond strenghts, found that the lack of
thermocycling produced higher mean bond strengths than when thermocycling was used
prior to debonding.
There is a wide range of thermocycling protocols reported in the literature. This
study protocol thermocycled the composite resin restorations for 500 cycles between 10
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to 55°C, both before and after bonding the brackets. This followed the recommendations
of the International Organization for Standardization for testing bond strengths to tooth
structures,58 and is also similar to the thermocycling protocols of other orthodontic
bonding studies.29,31,33,59

Shear Bond Strength
When comparing groups without diamond bur surface preparation, the lowest
mean bond strengths were found in the Transbond, MIP, and Plastic Conditioner groups.
The bond strengths were 12.1, 12.3, and 13.3 MPa respectively. There was no statistically
significant difference between these groups.
These results are in agreement with Bayram et al30, who reported that the bond
strength achieved with Transbond alone, was the lowest compared to bond strengths
achieved when additional mechanical surface preparation, such as diamond bur or air
abrasion, was used. They reported a bond strength of only 2.77 MPa, which was
significantly lower than that found in our study. This difference can be explained by
differences in methodology. Bayram et al30 used a longer duration for thermocycling
(1000x), faster crosshead speed (1mm/min) during debonding, and flat composite resin
disks rather than anatomically shaped composite resin restorations. These results are also
in agreement with Viwattanatipa et al29, who found that Plastic Conditioner, when used
alone, resulted in the lowest bond strengths compared to other groups in which
mechanical surface preparation was used.
The highest mean bond strengths among all bonding resins, when used without a
diamond bur, were found with the Assure and Scotchbond groups. The bond strengths
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were 17.2 and 17.7 MPa respectively. There was no statistically significant difference
between these groups. No comparisons to other studies can be made, as past studies have
not examined the bond strengths of Assure and Scotchbond to existing composite resin
restorations.
When used with a diamond bur, the groups Transbond+Diamond (18.5 MPa),
MIP+Diamond (16.4 MPa), Plastic Conditioner+Diamond (19.1 MPa), and
Scotchbond+Diamond (20.7 MPa) had statistically significantly higher bond strengths
than when used without. Assure+Diamond (19.5 MPa) only had a slightly higher bond
strength than Assure alone, and this difference did not meet statistical significance. These
results are in agreement with past studies,29-32, 34 who have shown that mechanically
roughening the surface of the existing composite resin restoration with a diamond bur, is
effective in increasing the bond strength. This study also validate manufacturer’s
recommendations of roughening with a diamond bur whenever bonding to a composite
resin surface.60 Air abrasion is also an effective means of mechanically roughening the
surface of the existing composite resin restoration, and has been previously shown to be
an equally effective alternative to diamond bur abrasion.29-34 As both diamond bur and air
abrasion are established methods of mechanical surface preparation, our present study
elected to use diamond bur only.
Of particular interest is that Assure and Scotchbond, when used alone, provided
similar bond strengths to Transbond+Diamond, MIP+Diamond, and Plastic
Conditioner+Diamond groups, where mechanical surface preparation with a diamond bur
was performed. This is significant in that it provides the clinician two options when
bonding an orthodontic bracket to a composite resin restoration. The first option is to
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mechanically roughen the surface with a diamond bur (or air abrasion), followed by a
bonding resin and/or adhesion promoter as was used in this study. The second option is to
use a multi-purpose bonding resin, such as Assure or Scotchbond. This is advantageous
in scenarios where abrading the composite resin surface with a diamond bur (or air
abrasion) is undesirable (composite resin veneers), where auxillary staff are not permitted
to operate a highspeed handpiece, when the orthodontist’s chairside time is limited, or
when the composite resin restoration is not detected.
The purpose of a bonding resin is to act as an intermediate layer in uniting the
orthodontic adhesive to the substrate surface to which the bracket is being bonded to.18,61
Its unfilled, low viscosity, and more hydrophilic nature allows it to penetrate further into
any surface porosities, pits, fissures, microcracks, or any other irregularities present in an
aged composite resin restoration, compared to the highly filled, more viscous orthodontic
adhesive.40,41 Subsequent polymerization of the bonding resin within the surface
irregularities into which it has penetrated allows for the formation of a mechanical bond.
It has been established in the dental restorative literature that this mechanical interlocking
is the most important factor in explaining how bonding resins function to increase the
bond strengths to an existing composite resin surface.22,39,40,59
The chemical composition of orthodontic and restorative bonding resins are
constantly changing and evolving. Their exact compositions remain proprietary. A recent
systematic review on contemporary dental adhesives attempted to establish a list of all
chemical ingredients used in current bonding resins.62 As reported by van Landuyt et al62,
detailed information about the chemical components is scarce, and many of the chemical
compounds are proprietary and remain protected. Despite a lack of specific information,
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the majority of contemporary bonding resins are based on different formulations of
methacrylate monomers, dissolved within a solvent based on water, acetone, or alcohol.18
Common methacrylate monomers include bis-GMA, UDMA, TEG-DMA, and HEMA,
each of which have varying chemical properties. For example, bis-GMA and UDMA are
both high molecular weight compounds, viscous, and hydrophobic whereas TEG-DMA
and HEMA are of lower molecular weight, lower viscosity, and hydrophilic. The clinical
performance of bonding resins can be changed by simply altering the proportion of each
monomer used, and van Landuyt et al62 report that this is the strategy most often
employed by manufacturers in the development of new bonding resins. However, the
ability of universal orthodontic and restorative bonding resins, such as Assure and
Scotchbond, to provide bond strengths significantly higher than other orthodontic
bonding resins (Transbond, MIP, Plastic Conditioner) cannot be easily explained as the
specific chemical composition of their products remain unknown. It is possible that they
may have proprietary compounds with functional groups that can chemically bond to the
organic resin matrix or inorganic filler particles. Or they may simply have an increased
penetration ability into the surface irregularities present on the composite resin
restoration surface. Whether this is because of their lower viscosity due to the use of
lower molecular weight monomers, the use of water-chasing solvents such as alcohol or
acetone rather than water, or an ideal proportion of any of the above components, remains
unknown.
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Adhesive Remnant Index
The Adhesive Remnant Index (ARI) was used to gain insight into the mode of
bond failure amongst all samples. The Transbond, MIP, Plastic Conditioner, and Assure
groups, when used without a diamond bur, had the majority of their bond failures occur
either at or near the restoration-adhesive interface (ARI = 0 or 1), indicating a weaker
bond at the surface of the restoration. However, Scotchbond had the majority of bond
failures occur near the bracket-adhesive interface (ARI = 2), demonstrating the ability of
this bonding resin to increase the bond to the surface of the restoration. This was also the
case with all groups when used with a diamond bur, where the majority of their bond
failures occur either at or near the bracket-adhesive interface (ARI = 2 or 3). A bond
failure at the bracket-adhesive interface will requires more adhesive removal following
bracket removal, whereas a bond failure at the restoration-adhesive interface will require
less adhesive removal. Regardless of the mode of bond failure, what is of highest
importance is the incidence of fracture of the composite resin restoration surface upon
bracket removal. Any fracture of the restoration surface is undesirable. Scotchbond,
whether used alone or with a diamond bur, had the highest incidence of fracture of the
composite resin restoration surface of 25%. All other groups had an incidence of fracture
ranging from only 0-8.3%. It should be pointed out that this significantly higher
incidence of fracture of the restoration surface is likely due to the fact that Scotchbond is
a restorative bonding resin. It has been formulated to achieve a permanent bond of
highest strength in restorative applications, whereas orthodontic bonding resins are
formulated to create a temporary bond and to allow for the ultimate removal of the
orthodontic appliance.
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In Vitro vs In Vivo
Reynolds65 suggested that at the minimum, a bond strength of 6-8 MPa would be
clinically acceptable. This value is often used as a benchmark in orthodontic bonding
studies to enamel and non-tooth surfaces. The use of this minimum value as a reference
for in vitro bond strengths has been criticized.43,66 It has never been tested whether 6-8
MPa in vitro is clinically acceptable. It is known that bond strengths achieved in vitro are
approximately 40% higher than that found in vivo.67 Finnemore43 recommends that
extrapolation of bond strength data and comparison to a minimum reference value should
be avoided. Furthermore, comparison of bond strength data between different studies is
inappropriate, due to wide variation in methodology. Rather, bond strength data should
only be used to assess the relative effectiveness of the adhesives within the study.
In our study, all groups displayed mean bond strengths higher than Reynold’s
suggested 6-8 MPa. A limitation of any in vitro study is that results cannot be
extrapolated to what the expected bond strengths will be in vivo. However while bond
strengths measured in vitro may not represent the bond strength in vivo the trends would
be similar and those with the weakest bond strengths are more likely to experience bond
failure.

Weaknesses of Study
An inherent weakness of this study is that it is an in vitro study. As previously
stated, a limitation of any in vitro study is that results cannot be extrapolated to what the
expected bond strengths will be in vivo. A second weakness of this study is the lack of
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blinding, as all bonding and debonding procedures were performed by one operator
(author).

Future Studies
Future studies should focus on two areas. The first is to determine whether there
is a significant difference in mean bond strength achieved, when using the same bonding
systems, but to different types of composite resins such as microfill, hybrid, and nanofill.
The second is to examine whether these same bonding systems are also effective in
increasing the mean bond strengths to other restorative materials, such as amalgam or
porcelain. Future studies could also be designed with an in vivo component that would
more closely reflect the clinical situation.
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Conclusions
When bonding orthodontic brackets to aged composite resin restorations in vitro, the
following conclusions can be made:

1. Mechanically roughening the surface of a composite resin restoration with a
diamond bur, provided greater bond strengths, regardless of the bonding resin
used.

2. Assure and Scotchbond groups, when used without a diamond bur, provided
significantly higher mean bond strengths, compared to the Transbond, MIP, and
Plastic Conditioner groups. They provided similar bond strengths to
Transbond+Diamond, MIP+Diamond, and Plastic Conditioner+Diamond groups
where mechanical surface preparation was performed with a diamond bur.

3. Transbond, MIP, Plastic Conditioner, and Assure groups, when used without a
diamond bur, resulted primarily in an adhesive bond failure at the restorationadhesive interface. Scotchbond when used without a diamond bur, resulted
primarily in a cohesive bond failure. When used with a diamond bur, all groups
resulted in either a cohesive bond failure, or a bond failure at the bracket-adhesive
interface.
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Tables
Table 1. Mean Bond Strengths (MPa) by group
Group

n

Mean

SD

Minimum

Maximum

Statistical
Significance

Transbond

24

12.1

3.4

7.3

20.3

A

Transbond + Diamond

24

18.5

2.9

8.6

22

BCD

MIP

24

12.3

2.8

7.6

18.4

A

MIP + Diamond

24

16.4

2.8

11

21.2

B

Plastic Conditioner

24

13.3

3.2

17.9

19.5

A

Plastic Conditioner + Diamond

23

19.1

3

15.3

27.6

BCD

Assure

24

17.2

3.4

6

22.6

BC

Assure + Diamond

24

19.5

3.7

14.2

26.2

CD

Scotchbond

24

17.7

3.3

12.9

26.6

BC

Scotchbond + Diamond

24

20.7

2.6

15.8

24.8

D

Different letters denote statistically significant differences (P≤0.05).
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Table 2. Frequency (%) and Distribution (n) of ARI scores by group
Group

ARI 0

ARI 1

ARI 2

ARI 3

Fracture

n

100 (24)

0 (0)

0 (0)

0 (0)

0 (0)

24

8.3 (2)

0 (0)

70.8 (17)

12.5 (3)

8.3 (2)

24

100 (24)

0 (0)

0 (0)

0 (0)

0 (0)

24

0 (0)

0 (0)

75 (18)

25 (6)

0 (0)

24

95.8 (23)

0 (0)

4.2 (1)

0 (0)

0 (0)

24

4.2 (1)

0 (0)

58.3 (14)

25 (6)

12.5 (3)

24

70.8 (17)

12.5 (3)

12.5 (3)

0 (0)

4.2 (1)

24

Assure + Diamond

0 (0)

0 (0)

75 (18)

25 (6)

0 (0)

24

Scotchbond

0 (0)

0 (0)

75 (18)

0 (0)

25 (6)

24

Scotchbond + Diamond

0 (0)

0 (0)

75 (18)

0 (0)

25 (6)

24

Transbond
Transbond + Diamond
MIP
MIP + Diamond
Plastic Conditioner
Plastic Conditioner +
Diamond
Assure

0 = No adhesive remaining on tooth
1 = <50% adhesive remaining on tooth
2 = >50% adhesive remaining on tooth
3 = All adhesive remaining on tooth
Fracture = Fracture of composite resin restoration
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Figures

Figure 1. Class V buccal composite resin restoration placed in central incisor
dentoform tooth.

Figure 2. Bonding systems used in this study.
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Figure 3. Teeth mounted in acrylic blocks in preparation for debonding.

Figure 4. Instron machine used for debonding.
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Figure 5. Acrylic block mounted in adjustable vice with crosshead equidistant to
both incisal tie-wings.

Figure 6. Acrylic block mounted in adjustable vice with crosshead parallel to
bracket base.
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Figure 7. Mean SPBS (MPa) and standard deviations of all groups.
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Figure 8. Mean SPBS (MPa) and standard deviations of groups without use of diamond bur.
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Figure 9. Mean SPBS (MPa) and standard deviations of groups with use of diamond bur.
25

20

AB

AB

A

A

B
15

10

5

0
Transbond +
Diamond

MIP + Diamond

Plastic Conditioner +
Diamond

Different letters denote statistically significant differences (P≤0.05).

Assure + Diamond

Scotchbond +
Diamond

Scotchbond +
Diamond

Scotchbond

Assure +
Diamond

Assure

Plastic Condition
+ Diamond

Plastic
Conditioner

MIP + Diamond

MIP

Transbond +
Diamond

Transbond

41

Figure 10. Frequency (%) of ARI scores by group
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Appendices
Appendix 1. Sample Size Calculation
From a previously completed Pilot Study we have determined the following:
Expected Effect Size (E)

2 MPa

Standard Deviation (S)

2 MPa

Using the formula
N = [1/q1 + 1/q2)S2(zα + zβ)2]/E2
where
N = total number of subjects required
q1 = proportion of subjects in group 1
q2 = proportion of subjects in group 2
zα = the standard normal deviate for α (zα = 1.96 when α = 0.05)
zβ = the standard normal deviate for β (zβ = 0.84 when β = 0.20)
E = expected effect size
S = SD of outcome variable
The minimum sample size per group = 17
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Appendix 2. Complete Data for All Groups
Group

Tooth #

SPBS (MPa)

ARI

Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond
Transbond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

8.37
11.78
15.96
18.00
11.90
19.20
20.33
10.47
14.92
12.18
10.64
9.04
8.90
9.34
11.06
11.19
12.38
10.73
12.17
10.32
9.96
10.56
13.01
7.32

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond
Transbond + Diamond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

20.45
18.01
17.06
21.24
8.58
14.24
18.35
21.77
16.24
18.23
20.08
20.14
19.54
18.52
18.16
16.95
22.03
17.90
19.64
21.75
19.97
16.74
19.77
17.33

3
3
0
fracture
2
fracture
2
2
2
2
2
2
2
2
3
0
2
2
2
2
2
2
2
2
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MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP
MIP

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

11.47
14.14
11.94
11.34
15.33
15.02
16.85
11.69
15.32
7.60
10.17
9.69
9.29
13.34
15.98
13.73
8.46
12.00
18.35
12.35
9.76
10.54
9.86
12.08

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond
MIP + Diamond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

20.58
15.14
19.43
15.12
18.09
17.72
14.01
20.78
18.15
10.95
11.53
12.58
15.90
15.58
21.16
18.05
15.49
13.80
15.73
16.86
19.03
17.29
14.46
15.68

2
2
2
2
3
2
2
2
2
3
3
2
2
2
2
2
2
3
3
2
2
2
2
3

Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner

1
2
3
4
5
6

12.60
11.49
14.31
12.44
10.76
15.83

0
0
0
0
0
2
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Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner
Plastic Conditioner

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

18.61
13.01
15.41
15.04
10.48
10.76
19.47
15.07
7.90
18.43
10.17
10.86
16.50
13.51
10.78
17.20
10.16
9.24

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond
Plastic Conditioner + Diamond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

16.98
27.64
16.21
19.48
18.68
15.47
26.18
18.27
18.03
16.89
19.83
18.49
21.09
20.95
15.33
21.04
16.75
20.7
18.21
18.11
17.74
19.05
18.32

3
3
2
fracture
2
0
2
2
2
2
2
2
2
fracture
2
fracture
3
3
3
2
3
2
2

Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure

1
2
3
4
5
6
7
8
9
10
11
12
13

20.87
18.03
15.10
18.16
17.05
5.96
22.59
14.29
18.05
16.09
16.61
18.66
18.19

0
0
0
0
0
0
fracture
0
0
0
2
0
0
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Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure
Assure

14
15
16
17
18
19
20
21
22
23
24

16.59
19.55
17.54
11.19
20.59
15.49
19.53
17.00
21.78
16.49
16.68

1
0
0
0
0
0
2
1
0
1
2

Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond
Assure + Diamond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

17.90
14.22
16.37
14.22
16.17
19.88
15.79
16.23
20.15
15.18
14.84
17.58
22.05
22.32
18.38
22.98
22.13
19.97
24.85
24.81
21.41
23.47
26.15
21.54

2
2
3
3
2
2
3
2
2
3
3
2
2
2
2
2
2
2
2
2
3
2
2
2

Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

15.32
17.08
18.09
17.27
17.31
17.76
26.57
18.18
23.81
22.78
15.69
16.84
17.22
14.71
13.17
16.13
21.19
12.91
18.92

2
2
2
2
2
2
fracture
fracture
2
fracture
2
fracture
2
fracture
fracture
2
2
2
2
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Scotchbond
Scotchbond
Scotchbond
Scotchbond
Scotchbond

20
21
22
23
24

15.08
14.57
18.57
18.73
16.08

2
2
2
2
2

Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond
Scotchbond + Diamond

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

21.26
19.74
18.28
16.07
22.30
19.76
19.30
23.29
15.79
19.00
20.11
18.77
24.82
21.01
24.59
20.97
23.06
22.60
23.13
22.79
23.96
18.82
16.64
19.89

fracture
2
fracture
2
2
2
2
fracture
2
2
2
2
fracture
2
fracture
2
2
2
2
2
fracture
2
2
2
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